5^ PATENT APPLICATION 

|i Docket No. 7045.0002 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Anticipated Classification 
Class 422 Subclass 62 

PATENT APPLICATION 
Honorable Commissioner of Patents 

and Trademarks 
Washington, DC 20231 

Sir: 

Transmitted herewith for filing is the patent application of Edward Jackson for OPEN 
SYSTEM SULFUROUS ACID GENERATOR comprising 22 pages of specification and claims, and 
a single signature Declaration, Power of Attorney and Petition. 

Enclosed also are: 

X 5 sheets of drawings 

An assignment of the invention to , including a Form PTO- 1 595 

recordation cover sheet. 

A certified copy of an application. 

An Associate Power of Attorney 

X A Verified Statement to Establish Small Entity Status Under 37 C.F.R. § 1 .9 and 

37 C.F.R. § 1.27 



U.S. Commissioner of Patents 
and Trademarks 
Page 2 




X A Certificate of Mailing by "Express Mail" certifying a filing date of July^ 

1997 by use of Express Mail Label No. EH897691 135US. 

The filing fee has been calculated as shown below. 





1 1 

1 1 SMALL ENTITY 


OTHER THAN A 
SMALL ENTITY 


FOR 1 NO. FILED 


1 NO. EXTRA IRATE | FEE 


|0R IRATE 1 FEE 


BASIC FEE 1 


1 1 |$385 


1 1 1$ 770 


TOT. CLAIMS 1 4 -20 = 


1 |X11= 1$ o 


jOR 1 X 22= 1$ 


TND. CLAIMS | 1 - 3 = 


1 |X40= 1$ O 


jOR 1 X 80= 1$ 


MULTIPLE DEPENDENT 
CLAIM PRESENTED 


1+130= 1$ 0 


1 1 1 
|0R 1 +260= 1$ 




TOTAL 


1 1 1 
jOR 1 TOTAL 1$ 



_ Please debit Deposit Account No. in the amount of $ for the 

government filing fee. Triplicate copies of this sheet are attached. 

_ Please debit Deposit Account No, in the amount of $40.00 for 

recordation of the enclosed Assignment. 

x A check in the amount of $ enclosed to cover the filing fee and the 

recordation of the enclosed Assignment. 

The Commissioner is hereby authorized to charge payment of the following fees 

associated with this communication or credit any overpayment to Deposit 
Account No. . Copies in triplicate of this sheet are enclosed. 

Any additional filing fees required under 37 C.F.R, § 1.16, 

Any patent application processing fees under 37 C.F.R. § 1,17. 

The Commissioner is hereby authorized to charge payment of the following fees 

during the pendency of this application or credit any overpayment to Deposit 
Accoxmt No. . Copies in triplicate of this sheet are enclosed. 



Any patent application processing fees under 37 C.F.R. § 1.17. 



U.S. Commissioner of Patents 
and Trademarks 
Page 3 



The issue fee set forth in 37 C.F.R. § L18 at or before mailing of the 
Notice of Allowance, pursuant to 37 C.F.R. § 1.31 1(b). 

Any filing fees under 37 C.F.R. § 1.16 for presentation of extra 
claims. 



Please address all future correspondence in connection with the above-identified patent 
tion to the attention of the undersigned. 



Dated this^ day of July, 1997. 



Respectfiilly submitted, 



Todd E. Zenger 
Attorney for Applicant 
Registration No. 33610 

KIRTON & McCONKIE 
1800 Eagle Gate Tower 
60 East South Temple 
Salt Lake City, Utah 84111 
Telephone: (801) 328-3600 




Docket: 7045.0002 

W:\7045\0002\mmcappll .Itr 
Rev. 10/95 



U.S. Commissioner of Patents 

and Trademarks 
Page 4 



* * * DO NOT DELETE 

Give file to docket clerk for initial docketing. 



PATENT APPLICATION 
Docket No.: 7045,0002 



DFCTARATTON CLAIMING SMALL ENTITY STATUS 
FOR AN INDEPENDENT INVENTOR 

I, Edward Jackson, hereby declare that I qiialify as an independent inventor as defined in 37 
C.F.R. § L9(c) for purposes of paying reduced fees to the Patent and Trademark Office under 
Section 41(a) and (b) of Title 35, United States Code, with regard to the invention entitled OPEN 
SYSTEM SULFUROUS ACID GENERATOR, as described in the patent application. 

I further declare that I have not assigned, granted, conveyed, or hcensed and am under no 
obUgation under contract or law to assign, grant, convey, or license any right, title, or interest in the 
invention to any person, firm, or organization. 

I acknowledge the duty to file, in the above-mentioned application or any patent issued in 
respect thereof, notification of any change in status resulting in loss of entitlement to small entity 
status prior to paying, or at the time of paying, the earUest of (1) the issue fee or (2) any maintenance 
fee due after the date on which status as a. small entity is no longer appropriate. 
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were made with the knowledge that willful, false statements and the like so made are punishable by 



fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful, false statements may jeopardize the vaUdity of the appHcation, any patent issuing 
thereon, or any patent to which this declaration is directed. 

Signed at Ulu CX^ U^ this 7^ day of July, 1997. 
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BACKGROUND OF THE INVENTION 



1. The Field of the Invention 

Only a fraction of the earth's total water supply is available and suitable for 
agriculture, industry and domestic needs. The demand for water is great and new 
technologies together with growing populations increase the demand for water while 
pollution diminishes the limited supply of usable water. The growing demand for water 
requires efficient use of available water resources. 

Agricultural use of water places a large demand on the world's water supply. In some 
communities, the water supply may be adequate for farming but the quality of the water is 
unsuitable for agriculture because the water is alkaline. Alkalinity is an important factor 
affecting the quality, efficiency and performance of soil and irrigation water. A relative 
increase in irrigation alkalinity due to the water's sodium to calcium ratio or a high pH 
renders irrigation water detrimental to soil, crop growth and irrigation water efficiency. Such 
water can be reclaimed for soil rehabilitation and irrigation by adding lower pH sulphurous 
acid to the alkaline water to reduce its alkalinity or pH. 

The invention of this application is directed toward a device which generates 
sulphurous acid in a simplified, efficient way. In particular, it is directed toward a sulphurous 
acid generator which produces sulphurous acid by buming sulphur to produce sulphur 
dioxide gas. The sulphur dioxide gas is then drawn toward and held in contact with water 
eventually reacting with the water and producing sulphurous acid, while substantially 
reducing dangerous emissions of sulphur dioxide gas to the air. 

2. The Relevant Technolog y 

There are several sulphurous acid generators in the art. The prior art devices utilize 
sulphur bum chambers and absorption towers. However, all known systems utilize 
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countercurrent current flow or pressurized systems as the principle means to accomplish the 
generation of sulphurous acid. For example, many devices employ the absorption tower to 
introduce the majority of the water to the system in countercurrent flow to the flow of 
sulphur dioxide gas. For example, United States Patent No. 4,526,771 teaches introducing 
90% of the system water for the first time in countercurrent flow at the top of the absorption 
tower. In such devices, the integrity of the absorption towers is vital, and any deficiencies 
or inefficiencies of the absorption tower lead to diminished reaction and results. Other 
devices utilize pressurized gas to facilitate flow of gas through the system, see United States 
Patent No. 3,226,201. Pressurized devices, however, require expensive manufacture to 
ensure the containment of dangerous sulphur dioxide gas to avoid leakage. Even negative 
pressure machines have the drawback of requiring a source of energy to power the negative 
pressure generator such as an exhaust fan. Still other devices rely upon secondary 
combustion chambers to further oxidize the sulphur, see United States Patent No. 4,526,771 . 
Many sulphurous acid generators emit significant or dangerous levels of unreacted sulphur 
dioxide gas, a harmfixl and noxious pollutant, into the surrounding environment. 



SUMMARY AND OBJECTS OF THE INVENTION 

The present invention is directed to a sulphurous acid generator which can be used 
to improve alkaline irrigation water by adding the sulphurous acid produced by the generator 
to alkaline water to reduce the alkalinity and/or pH of the water. In addition to making the 
water less alkaline, adding sulphurous acid to alkaline water increases the availability of 
sulphur in the water to act as a nutrient, improves capillary action of the soil, increases 
cation exchange capacity, and decreases tail water run-off and tillage and fertilizer costs. 

In many agricultural settings, complicated farm machinery is not practical because 
it requires technical training to operate and special skills to service and maintain. For sulphur 
generators, improved design can reduce costs, simplify operation, service and maintenance 

- Page 3 - Docket No. 7045.0002 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 



and increase efficiency and safety thereby making the machine more practical for agricultural 
use. The present invention is directed toward a sulphurous acid generator that is simple to 
produce, operate, service and maintain, and which efficiency produces, contains and reacts 
sulphur dioxide gas and sulphurous acid without exposing the user or other living things in 
proximity to the machine to dangerous sulphur dioxide emissions. 

It will be appreciated that a specific energy source is not necessarily required by the 
present invention, and therefore its use is not necessarily restricted to locations where a 
particular power source, like electricity, is available or can be generated for use. All of the 
above objectives are met by the present invention. 

Unlike the prior art, the present invention is designed to maximize the amount of 
water in contact with sulphur dioxide gas and the duration of the contact of water with 
sulphur dioxide gas without creating back pressure in the system or relying upon 
pressurization of the gas to cause the sulphur dioxide gas to flow through the sulphurous acid 
generator. This reduces the complexity of the sulphurous acid generator and the need for 
additional equipment such as air compressors used by prior art devices. 

The invention primarily relates to a sulphur hopper, a bum chamber, a gas pipeline, 
a mixing tank, an absorption tower and an exhaust pipeline. 

The sulphur hopper preferably has a capacity of several hundred pounds of sulphur 
in powder or flake form. The sulphur hopper can be constructed of various materials or 
combinations thereof In the preferred embodiment, the sulphur hopper is constructed of 
stainless steel and plastic. The sulphur hopper is connected to the bum chamber by a 
passageway positioned at the base of the sulphur hopper. The conduit joins the hwm chamber 
at its base. The weight of the sulphur in the sulphur hopper forces sulphur through the 
passageway at the base and into the bum chamber, providing a continual supply of sulphur 
for burning. 
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The bum chamber has an ignition inlet on the top of the bum chamber through which 
the sulphur is ignited and an air inlet on the side of the chamber through which oxygen enters 
to fuel the burning sulphur. The burning sulphur generates sulphur dioxide gas. In the 
preferred embodiment, the bottom of the chamber is removable, facilitating access to the 
chamber for maintenance and service. The bum chamber is constructed of material capable 
of withstanding the corrosiveness of the sulphur and the heat of combustion, preferably 
stainless steel. 

A cooling ring is disposed around the outer perimeter of the base of the bum 
chamber. The cooling ring lowers the temperature of the molten sulphur near the perimeter 
of the base of the bum chamber, creating a semi-solid ring of sulphur along the perimeter of 
the chamber and preventing molten sulphur and sulphur dioxide gas from leaking out of the 
base of the bum chamber. In the preferred embodiment, the cooling mechanism is a metallic 
ring through which cool water passes. The ring is connected to the base of the bum chamber, 
running along the perimeter of the base. 

Sulphur dioxide gas exits the bum chamber through an exhaust outlet on the top of 
the bum chamber and is drawn into a first conduit. The first conduit may be manufactured 
from stainless steel, 

A supply of water is brought to the gas pipeline by a second conduit and may be 
brought from a water source through the second conduit by any means capable of delivering 
sufficient water and pressure, such as an elevated water tank or a mechanical or electric 
pump. 

The first conduit and second conduit meet and couple with a third conduit. The third 
conduit comprises a blending portion, a contact containment portion, an agitation portion and 
a means for discharging the sulphurous acid and unreacted sulphur dioxide gas. The third 
conduit may be constructed of polyethylene plastic. 
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The blending portion of the third conduit comprises a means for bringing the sulphur 
dioxide gas in the first conduit and substantially all the water in the second conduit into 
contained, condirectional flow into contact with each other. The majority of water used to 
create sulphurous acid is introduced into the third conduit and flows through one or more 
contact containment and agitation portions in the third conduit, discharging naturally into a 
mixing tank. 

As the water is introduced into the third conduit in co-directional flow with the 
sulphur dioxide gas is introduced so as to create an annular column of water with the sulphur 
dioxide gas flowing inside the annular column of water thereby blending the water and 
sulphur dioxide gas togetiier. In the preferred embodiment, water is introduced into the gas 
pipeline passes through an adductor, which causes sulphur dioxide gas to be drawn through 
the first conduit without the need of pressuring the sulphur dioxide gas and without using an 
exhaust fan. The water and sulphur dioxide gas remain in contact with each other for the 
period of time it takes to flow through a portion of the third conduit. In the contact area, a 
portion of the sulphur dioxide gas reacts with the water, creating sulphurous acid. 

The agitation portion comprises a means for mixing and agitating the codirectionally 
flowing sulphur dioxide gas and water/sulphurous acid. The agitation portions enhance 
sulphur dioxide gas reaction and dispersion. Bends in the third conduit or obstructions 
within the third conduit are contemplated as possible means for mixing and agitating in the 
agitation portion. Agitation of the co-directional flow of the sulphur dioxide gas and water 
further facilitates reaction of the sulphur dioxide gas with water. Sulphurous acid and 
sulphur dioxide gas flow out of the third conduit through the means for discharging the 
sulphurous acid and unreacted sulphur dioxide gas. A discharge outlet represents a possible 
embodiment of means for discharging the sulphurous acid and unreacted sulphur dioxide 
gas. 
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The sulphurous acid and unreacted sulphur dioxide gas exit the third conduit through 
the discharge and enter a mixing tank. A weir divides the mixing tank into two sections, 
namely a pooUng section and an effluent or outlet section. Sulphurous acid and sulphur 
dioxide gas exit the discharge of the third conduit mto the pooling section. As the sulphurous 
acid continues to pour into the mixing tank, the level of the sulphurous acid in the pooling 
section rises, creating a pool of sulphurous acid equal in depth to the height of the weir. At 
all time, the sulphurous acid and unreacted sulphur dioxide gas discharge from the third 
conduit above the level of the fluid in the pooling section of the mixing tank. 

In other words, the discharge from the third conduit is positioned suficientiy above 
the surface of the pool, so that sulphur dioxide gas exiting the pipeline can pass directly into 
and be submerged within the pool while in an open (nonclosed) arrangement. In other 
words, the discharge from the thhd conduit does not create any significant back pressure on 
the flow of sulphurous acid or sulphur dioxide gas in the third conduit or gas pipeline. The 
position of the discharge from the thfrd conduit reduces the likeUhood that the unreacted 
sulphur dioxide gas v^U exit from the discharge without being submerged in the pool. The 
discharge is removed a distance from the sidewall of the mixing tank toward the center of 
the pooling section to allow the pool to be efficiently churned by the inflow of sulphurous 
acid and unreacted sulphur dioxide gas from the third conduit. 

As acidic water and gas continue to enter the tank from the third conduit, the level 
of the pool eventually exceeds the height of the weir. Sulphurous acid spills over the weir 
and into the effluent or outlet section of the mixing tank where the sulphurous acid exits the 
mixing tank through an effluent outlet. The top of the effluent outlet is positioned below 
height of the weir and the discharge from the third conduit to reduce the amount of free 
floating unreacted sulphur dioxide gas exiting the chamber through the effluent outlet. 

Free floating, unreacted sulphur dioxide gas remaining in the mixing tank rises up to 
the top of the mixing tank. The top of the mixing tank is adapted with a grill defining holes. 
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Sulphur dioxide gas passes through the holes of the grill and enters an absorption tower 
located above the mixing tank. 

In its preferred embodiment the absorption tower has a cylindrical body and is 
constructed of polyethylene plastic which is durable, lightweight and resistant to ultra violet 
ray degradation. At the top of the absorption tower, a water emitter inside the tower sprays 
water downwards, resulting in a countercurrent flow of rising sulphur dioxide gas and 
descending water. The rising sulphur dioxide gas comes into countercurrent contact with the 
descending water, creating sulphurous acid. 

The absorption tower is packed with path diverters, which force the countercurrent 
flow of sulphur dioxide gas and water to pass through a tortuous maze, increasing the 
duration of time the gas and water remain in contact and the surface area of the contact. 
Substantially all the free floating sulphur dioxide gas from the mixing tank will react with 
water in the tower to form sulphurous acid. Sulphurous acid created m the tower flows down 
into the mixing tank. Any excess sulphur dioxide gas which is not reacted with water 
emitted in the tower rises and passes through a demister pad. The sulphur dioxide gas exits 
through an exhaust vent in the top of the tower. 

To ensure fiirther elimination of any significant emissions of sulphur dioxide gas 
from the generator into the environment, the sulphur dioxide gas may be drawn into an 
exhaust conduit coupled with the exhaust vent on the lid of the tower. The exhaust conduit 
defines a fourth conduit. Positioned in the fourth conduit is a means for introducing water 
into the fourth conduit. The water which enters the fourth conduit may be brought from a 
water source by any means capable of delivering sufficient water to the fourth conduit. As 
the water is introduced into the fourth conduit, it reacts with the trace amounts of sulphur 
dioxide gas that have migrated out of the absorption tower, and creates sulphurous acid. 

In the preferred embodiment, water introduced into the fourth conduit, passes through 
an adductor causing the sulphur dioxide gas to be drawn through the vent and into the fourth 
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conduit. The gas and liquid remain in contact as they move through one or more contact 
containment and/or agitation portions of the fourth conduit before being discharged for use. 
The exhaust vent and fourth conduit ensure that substantially all the sulphur dioxide gas 
produced will be converted to sulphurous acid. 

High density polyethylene plastic is preferred for its durability and resistance to ultra 
violet ray degradation. 

As mentioned, the water introduced into the system to the third conduit, fourth 
conduit, cooling ring, and the absorption tower emitter may be brought from a water source 
to the system by any means capable of delivering sufficient water and pressure, such as a 
standing, elevated water tank, or mechanical, electric or diesel powered water pump. 

It is an object of this invention to create a sulfurous acid generator that is simple to 
manufacture, use, maintain and service. 

It is further an object of this invention to create a sulfurous acid generator that is 
capable of operatmg without any electrical equipment such as pumps, air compressor or 
exhaust fans requiring a specific energy source requirement, such as electricity or diesel 
fuels. 

It is another object of this invention to produce a sulphurous acid generator which 
converts substantially all sulfur dioxide gas generated into sulphurous acid. 

It is another object of the invention to produce a sulfurous acid generator which uses 
an induced draw created by the flow of water through the system to draw gases through the 
otherwise open system. 

Another object of the present invention is to provide a sulphurous acid generator with 
one or more contact containment and/or agitation and mixing mechanisms to increase the 
duration of time during which the sulphur dioxide gas is in contact with and mixed with 
water. 
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It is an object of this invention to produce a sulphurous acid generator which 
substantially eliminates emission of harmful sulphur dioxide gas. 

These and other objects and features of the present invention will become more fully 
apparent from the following description and appended claims, or may be leamed by the 
practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the above-recited and other advantages and objects 
of the invention are obtained, a more particular description of the invention briefly depicted 
above will be rendered by reference to a specific embodiment thereof which is illustrated in 
the appended drav^ngs. With the understanding that these drawings depict only a typical 
embodiment of the invention and are not therefore to be considered to be limiting of its 
scope, the invention will be described and explained with additional specificity and detail 
through the use of the accompanying drawings in which: 

Figure 1 is a perspective view of one embodiment of the sulphurous acid generator. 

Figure 2 is a side elevation view partly in cutaway cross-section of the components 
of the sulphurous acid generator. 

Figure 3 is an enlarged view of a portion of a third conduit. 

Figure 4 is an enlarged view of a portion of a fourth conduit. 

Figure 5 is a flow chart explaining the inventive process. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Including by reference the figures listed above, applicant's sulfurous acid generator 
comprises a system which generates sulphur dioxide gas and keeps the gas substantially 
contained and in contact with water for extended periods of time substantially, eliminating 
any significant release of harmful sulphur dioxide gas from the system. As shown in figures 
1 and 2, the principle elements comprise a sulphur hopper 20, a bum chamber 40, a gas 
pipeline 70, a mixing tank 130, an absorption tower 160 and an exhaust conduit 210. The 
principle elements are mounted on a platform 10 to facilitate transport. 

The sulphur hopper 20 comprises enclosure 24 with a top surface 26, The top surface 
26 defines a closeable aperture, not shown. The closeable aperture 28 is of sufficient 
diameter and shape to allow sulphur to be loaded into the hopper 20. The enclosure 24 
defmes a hopper outlet 30. The hopper 20 is configured such that sulphur in the hopper 20 
is directed toward the hopper outlet 30 by the pull of gravity. The hopper outlet 30 allows 
sulphur to pass through and out of the hopper 20. 

A passageway conduit 36 communicates between the hopper outlet 30 a bum 
chamber inlet 50 of the bum chamber 40. 

The bum chamber 40 comprises a floor member 42, a cylindrical chamber sidewall 
44 and a roof member 46. The floor member 42 defines a perimeter and the floor member 
42 is removably attached to the cylindrical chamber sidewall 44. The roof member 46 is 
secured to the chamber sidewall 44, the chamber sidewall 44 supporting the roof member 46, 
An ignition inlet 52 defimed by the roof member 46 has a removably attached ignition inlet 
cover 54. An air inlet 56 defmed by the chamber sidewall 44 has a removably attached air 
inlet cover 58. The air inlet 56 is positioned substantially opposite to the conduit inlet 50 and 
enters the chamber sidewall 44 tangentially. A cooling ring, not shown, surrounds the bum 
chamber 40 about its perimeter. An exhaust opening 60 in the bum chamber 40 is defined 
by the roof member 46. 
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Sulphur supplied to the bum chamber 40 through the conduit inlet 50 can be ignited 
through the ignition inlet 52. The air inlet 56 allows oxygen, necessary for the combustion 
process, to enter into the bum chamber 40 and thus permits regulation of the rate of 
combustion. The exhaust opening 60 allows the sulphur dioxide gas to pass up through the 
exhaust opening 60 and into the gas pipeline 70, 

The gas pipeline 70 has two ends, the first end 78 communicating with the exhaust 
opening 60, the second end terminating at a third conduit 76. The gas pipeline or first 
conduit 70 may comprise an ascending pipe 72 and a transverse pipe 74. The ascending pipe 
72 may conmiunicate with the transverse pipe 74 by means a first 90 degree elbow joint. 
Disposed about and secured to the ascending pipe 72 is a protective grate 90 to prevent 
unintended extemal contact with member 72 which is hot when in use. 

Water is conducted through a second conduit 282 to a point at which the second 
conduit 282 couples with the first conduit 70 at a third conduit 76. 

Conduit 76 comprises a means 100 for bringing the sulphur dioxide gas in the first 
conduit and substantially all the water in the second conduit into contained codirectional flow 
whereby the sulphur dioxide gas and water are brought into contact with each other. 

The codirectional flow means 1 00 shown in Figures 2 and 3, comprises a central body 
102, the central body defining a gas entry 104 and a sulfiir dioxide gas exiting outlet 1 14, the 
central body comprising a secondary conduit inlet 106, a cooling ring outlet 108, an emitter 
return inlet 1 10, and a gas adductor 1 12. The adductor 1 12 generates an annular column of 
water to encircle gas exiting outlet 114. The water flow, thermal cooling and reaction are 
believed to draw sulphur dioxide gas from the bum chamber 40 into the gas pipeline 70 
where the gas is brought into contact vAth water to create sulphurous acid. 

The codirection flow means 100 allows water to be introduced into the third conduit 
76 initially through a second conduit inlet 106. A small portion of the water then exits 
codirectional means 100 through the cooling ring outlet 108 and is diverted into a cooling 
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ring hose 284 to the cooUng ring. The cooling ring cools the perimeter of the bum chamber 
40 which prevents sulphur dioxide gas from leaking out near the removably attached floor 
member 42 of the bum chamber 40, Water exits the cooling ring into an emitter feed-hose 
286 running to the absorption tov^er 160. Substantially all of the water entering the 
codirectional means 100 passes through the adductor 112 and, exits adjacent the sulphur 
dioxide gas outlet 1 14. The water enters the third conduit 76 and comes into contact with 
the sulphur dioxide gas where the sulphur dioxide gas and water are contained in contact 
with each other. The water and sulphur dioxide gas react to form an acid of sulphur. This 
first contact containment portion of conduit 76 does not obstmct the flow of the sulphur 
dioxide gas. It is believed that a substantial portion of the sulphur dioxide gas will react with 
the water in this first contact containment area. 

After the acid (and any host water hereafter "water/acid") and any remaining 
unreacted gas continue to flow through third conduit 76, the water/acid and unreacted 
sulphur dioxide gas are mixed and agitated to further facilitate reaction of the sulphur dioxide 
with the water/acid. Means for mixing and agitating the flow of water/acid and sulphur 
dioxide gas is accompUshed in a number of ways. For example, as shown in Figure 2, 
mixing and agitating can be accomplished by changing the direction of the flow such as a 
bend 84 in the third conduit 76. Another example, not shown, includes placing an object 
inside the third conduit 76 to alter the flow pattern in the third conduit 76. This could entail 
a flow altering wedge, flange, bump or other member along the codirectional flow path in 
third conduit 76. By placing an object in the flow path, a straight or substantially straight 
conduit may be employed. The distinction of this invention over the prior art is mixing and 
agitating the flow of water/acid and sulphur dioxide involving substantially all of the water 
of the system with sulphur dioxide gas in an open codirectionally flowing system. One 
embodiment of the present invention employed over 300 gallons of water per minute 
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coursing through third conduit 76 being held in contained contact with the sulphur dioxide 
gas. 

After the water/acid and sulphur dioxide gas have passed through an agitation and 
mixing portion of third conduit 16, the water/acid and unreacted sulphur dioxide gas are 
again contained in contact with each other to further facilitate reaction between the 
components to create an acid of sulphur. This is accomplished by means for containing the 
water/acid and sulphur dioxide gas in contact with each other. One embodiment is shown 
in Figure 2 as a portion 85 of third conduit 76, Portion 85 acts much in the same way as the 
earlier described contact containment portion. 

In a preferred embodiment, additional means for mixing and agitating the 
codirectional flow of water/acid and sulphur dioxide gas is employed. One embodiment is 
illustrated as portion 86 of third conduit 76 in which again the directional flow of the 
water/acid and sulphur dioxide gas is directionally altered. In this way, the water/acid and 
sulphur dioxide gas are forced to mix and agitate, further facilitating reaction of the sulphur 
dioxide gas to further produce or concentrate an acid of sulphur. 

Third conduit 76 also incorporates means for discharging the water/acid and 
unreacted sulphur dioxide gas. One embodiment is shown in Figure 2 as discharge opening 
80 defined by third conduit 76. Discharge opening 80 is preferably positioned 
approximately in the center of the pooling section, described below. In the preferred 
embodiment, discharge 80 is configured so as to direct the discharge of water/acid and 
unreacted sulphur dioxide gas downward into a submersion pool 158. 

The present invention also utilizes a tank 130 having a bottom 132, a tank sidewall 
134, and a grill top 136, Tank 130 may also comprise a fluid dispersion member 137 to 
disperse churning sulphurous acid and sulphur dioxide gas throughout tank 130. Dispersion 
member 137 may have a conical shape or any other shape which facilitates dispersion. A 
plurality of brackets 146 attached to the tank sidewall 134 support the grill top 136. A weir 
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148 is attached on one side to the bottom member 132 and is attached on two sides to the 
tank sidewall 134. The weir 148 extends upwardly to a distance stopping below the discharge 
74, The weir 148 divides the mixing tank 130 into a submersion pool 158 and an outlet 
section 152. Preferably, the third conduit 76 penetrates the tank sidewall 134 at a point 
below the grill top 136. An outlet aperture 154 is positioned in the tank sidewall 134 near 
the bottom member 132 in the discharge section. The drainage aperture 154 is connected to 
a drainage pipe 156. 

As sulphurous acid flows out of the third conduit 76, the weir 148 dams the acid 
coming into the mixing tank 130 creating a churning submission pool 158 of sulphurous 
acid. Sulphur dioxide gas carried by but not yet reacted in the sulphurous acid is carried into 
submersion pool of acid 158 because of the proximity of the discharge 80 to the surface 133 
of the pool 158, The carried gas is submerged in the churning submersion pool 158. The 
suspended gas is momentarily churned in contact with acid in pool 1 58 to fiirther concentrate 
the acid. As unreacted gas rises up through the pool, the unreacted gas is held in contact 
with water and further reacts to further form concentrate sulphurous acid. The combination 
of the discharge 80 and its close proximity to the surface 133 of pool of acid 158 creates a 
means for facilitating and maintaining the submersion of unreacted sulphur dioxide gas 
discharged from the third conduit into the submersion pool of sulphurous acid to 
substantially reduce the separation of unreacted sulphur dioxide gas from contact with the 
sulphurous acid to promote further reaction of the sulphur dioxide gas in the sulphurous acid 
in an open system without subjecting the sulphur dioxide gas discharged from the third 
conduit to back pressure or system pressure. That is, discharge 80 below the level of the top 
of weir 148 is contemplated as inconsistent with an open system. 

As sulphurous acid enters the mixing tank 130 from the third conduit 76 the level of 
the pool 132 of sulphurous acid rises until the acid spills over the weir 148 into the outlet 
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section 152. Sulphurous acid flows out ofthe mixing tank 130 through the drainage pipe 156 
to mix with alkaline irrigation water to lower the alkalinity ofthe irrigation water. 

Any free floating sulphur dioxide gas in mixing tank 130 rises up to and passes 
through the grill top 136 and enters absorption tower 160, Absorption tower 160 is 
comprised of a body 162, a lid 164, an emitter 166, a demister pad 168, and a plurality of 
path diverters 170. The body 162 defines a top aperture 178. The body 162 is positioned 
above tank 130. The emitter 166 enters the body 162 at a point below the aperture 178 of 
the absorption tower 160 and is secured to the body 162. On the interior surface of the body 
162, a plurality of pad supports 180 are attached at an elevation above emitter 166. The pad 
supports 180 hold up flie demister pad 168. The path diverters 170 fill the absorption tower 
160 to a point below the water emitter 166. In the preferred embodiment the path diverters 
are Flexirings® 172. The lid 164 completely covers the top aperture 178 defmed by the body 
162. The lid 164 defines an exhaust vent 202. 

Sulphur dioxide enters the absorption tower 160 from the mixing tank 130, and the 
gas rises up through the path diverters 170, Water sprayed down from the emitter 166 in 
countercurrent flow against the rising sulphur dioxide gas. The countercurrent water covers 
the path diverters 170. The path diverters 170 create a tortuous maze which impedes the 
flow of the sulphur dioxide gas as it travels up through the tower 160, The impeded flow of 
sulphur dioxide gas increases the likelihood that the gas will come into contact with water 
on the surfaces of the path diverters 170. The impeded flow of gas also allows the gas to 
remain in contact with water for a longer period of time. Sulphurous acid produced in the 
tower 160 flows down into the mixing tank 130. 

The demister pad 168 acts as a condenser, separating liquid from vapor passing out 
of the absorption tower 160. 

Exhaust vent 202 may be coupled with a vent conduit 2 1 0. The vent conduit 2 1 0 has 
a first end which couples with the exhaust vent 202 and a second end which terminates at 
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a fourth conduit 220. The vent conduit 210 may consist of a length a pipe between vent 202 
and the fourth conduit 220. The foxirth conduit 220 comprises auxiliary means 240 for 
bringing sulphur dioxide gas in the vent conduit and substantially all the water in the 
supplemental water conduit into contained, codirectional flow whereby the sulphur dioxide 
gas and water are brought into contact with each other. 

As shown in Figures 2 and 4, the auxiliary means has a body 240 defining a gas entry 
244, a gas outlet 252, a supplemental water conduit inlet 246, a bleed-off outlet 248, and 
water adductor 250. A bleed-off hose 260 is attached to fbe bleed-off outlet 248 and reenters 
the fourth conduit 220 at inlet 262 below the auxiliary means 240. A small portion of the 
supplemental water courses through hose 260. 

Water enters the auxiliary means 240 through the supplemental water conoduit 294 
at inlet 246. The water courses through the adductor as discussed earlier as to the 
codirectional means. The water adductor 250 draws any free floating sulphur dioxide gas 
into the exhaust vent conduit 210. Water and sulphur dioxide gas are brought into contact 
v^th each other in fourth conduit 220. The water and gas are contained in contact with each 
other as the gas and water flow down through fourth conduit 220 to react and form an acid 
of sulphur. This contact containment area does not obstruct the flow of the sulphur dioxide 
gas. Substantially all of the sulphur dioxide gas in vent conduit 210 will react with the water 
in this contact containment area. 

In fourth conduit 220, the water/acid and unreacted or undissolved sulphur dioxide 
gas also experience one or more agitation and mixing episodes. For example, as water 
reenters fourth conduit 220 at inlet 262, the flow of water/acid and sulphur dioxide gas is 
mixed and agitated. The water/acid and sulphur dioxide gas are again contained in contact 
with each other thereafter. Another similar mixing and agitating episode occurs when the 
directional flow of the water/acid and sulphur dioxide gas is altered near discharge 264. As 
a result, like the water/acid and sulphur dioxide gas in the third conduit 76, the water/acid 
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and sulphur dioxide gas in fourth conduit 220 may be subject to one or more contact 
containment portions and on or move agitation and mixing portions. 

Figures 1, 2 and 3 show a primary pump 280 supplying water through a primary hose 
282 to the secondary conduit water inlet 106 at codirectional means 100. Figure 2 shows 
water being diverted inside the codirectional means 100 leaving through the cooling ring 
outlet 1 08 and entering a cooling ring hose 284. The cooling ring hose 284 is attached to the 
cooling ring not shown through which the water passes. Water then exits the cooling ring 
and enters an emitter feed-hose 286 attached to the cooling ring. The emitter feed-hose 286 
is connected to a T joint 288. Water is diverted at the T joint 288 into the water emitter 166 
or into an emitter retum hose 290, which retums the water to the codirectional means 100 
through the emitter retum inlet 110, 

In Figure 2, a supplemental or secondary pump supplies water to auxiliary means 240 
through a supplemental water conduit hose 294. 

It will be appreciated that any pump capable of delivering sufficient water to the 
system may be utilized and the pump may be powered by any source sufficient to run the 
pump. A single pump with the appropriate valving may be used or several pumps may be 
used. It is also contemplated that no pump is necessary at all if an elevated water tank is 
employed to provide sufficient water flow to the system. 

Testing of embodiments of this invention have revealed that sulphur dioxide 
emissions exiting exhaust vent 202 have been reduced to a range of 30-150 parts per million. 

The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered 
in all respects only as illustrative and not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing description. All changes 
which come v^thin tiie meaning and range of equivalency of the claims are to be embraced 
within their scope. 
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What is claimed and desired to be secured by United States Letters Patent is: 
1 , A sulphurous acid generator comprising: 

a supply of sulphur dioxide gas conducted in a first conduit and means for drawing 
the sulphur dioxide gas through the first conduit; 

a supply of water conducted in a second conduit; and 
a third conduit comprising: 

a blending portion, at least one contact containment portion, and at least one 
agitation portion, 

the blending portion comprising means for bringing the sulphur 
dioxide gas in the &st conduit and substantially all the water 
in the second conduit into contained, codirectional flow 
whereby the sulphur dioxide gas and water are brought into 
contact with each other, 
the contact containment portion(s) comprising a passageway through 
which the sulphur dioxide gas and substantially all the water 
codirectionally flow in contact with each other and in which 
at least a portion of the sulphur dioxide gas reacts with water 
to form sulphurous acid, 
the agitation portion(s) comprising means for mixing and agitating 
the codirectionally flowing sulphur dioxide gas and 
water/sulphurous acid to facilitate the reaction and 
dispersement of sulphur dioxide gas with the 
water/sulphurous acid, and 

means for discharging the sulphurous acid and unreacted sulphur dioxide gas, 
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the first and third conduits defining an open system thereby avoiding 
subjecting the sulphur dioxide gas to a system pressure, 

2. The sulphurous acid generator of claim 1 further comprising: 

a mixing tank into which the sulphurous acid and xmreacted sulphur dioxide are 
discharged fi-om the third conduit, the mixing tank temporarily retaining the 
discharged sulphurous acid in a submersion pool; 

means for facilitating and maintaining the submersion of unreacted sulphur dioxide 
gas discharged from the third conduit into the submersion pool of sulphurous 
acid to substantially reduce the separation of unreacted sulphur dioxide gas 
from contact with the sulphurous acid to promote further reaction of the 
sulphur dioxide gas into the sulphurous acid; and 

the mixing tank defining an outlet through which the sulphurous acid may pass to 
exit the mixing tank, 

the mixing tank, the facilitating and maintaining means, and the outlet defining an 
open system thereby avoiding subjecting the sulphur dioxide gas to a system 
pressure. 

3. The sulphurous acid generator of claim 2 further comprising: 

an absorption tower into which free floating unreacted sulphur dioxide gas passes 
from the mixing tank, the absorption tower comprising means for creating a 
flow of water counter-current to the flow of sulphur dioxide gas, the tower 
containing a tortuous maze of pathways fbrough which the water and sulphur 
dioxide gas will pass in counter-current flow, and in which sulphur dioxide 
gas and water come into contact to form sulphurous acid, 

the absorption tower having an exhaust vent through which sulphur dioxide 
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not reacted in the tower may pass. 
The sulphurous acid generator of claim 3 further comprising: 
a supply of unreacted sulphur dioxide gas conducted in a vent conduit in 

communication with the exhaust vent and means for drawing the sulphur 
dioxide gas through the vent conduit; 
a supply of water conducted in a supplemental water conduit; 
a fourth conduit comprising: 

a blending portion, at least one contact containment portion, and at least one 
agitation portion; 

the blending portion comprising means for bringing the sulphur 
dioxide gas in the vent conduit and substantially all the water 
in the supplemental water conduit into contained, 
codirectional flow whereby the sulphur dioxide gas and water 
are brought into contact with each other, 
the contact containment portion(s) comprising a passageway through 
which the sulphur dioxide gas and substantially all the water 
codirectionally flow in contact with each other and in which 
at least a portion of the sulphur dioxide gas reacts with the 
water to form sulphurous acid, 
the agitation portion(s) comprising means for mixing and agitating 
the codirectionally flowing sulphur dioxide gas and 
water/sulphurous acid to facilitate the reaction and 
dispersement of sulphur dioxide gas into the water/sulphurous 
acid, and 
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DECLARATION, POWER OF ATTORNEY, AND PETITION 
I, Edward Jackson, declare: that I am a citizen of the United States of America; that 
my residence and post office address is Sweetwater Farming, Inc., 3167 South 2900 East, Salt 
Lake City, Utah 84109; that I verily believe I am the original, first, and sole inventor of the 
subject matter of the invention or discovery entitled OPEN SYSTEM SULFUROUS ACID 
GENERATOR, for which a patent is sought and which is described and claimed in the 
specification "attached hereto"; that I have reviewed and understand the contents of the 
above-identified specification, including the claims and that I acknowledge the duty to disclose 
information which is material to tiie examination of this application in accordance with 
Section 1.56(a) of Title 37 of the Code of Federal Regulations. 

I declare further that all statements made herem of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful, false statements and the like so made 
are punishable by fine or unprisonment, or both, under Section 1001 of Title 1 8 of the United 
States Code and that such willfiil, false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

I hereby appomt as my attorney and/or patent agent: TODD E. ZENGER, Registration 
No. 33,610, with full power of substitution and revocation, to prosecute this application and 



to transact all business in the Patent and Trademark Office connected therewith. All 

correspondence and telephonic communications should be directed to: 

TODD E. ZENGER 
KIRTON&McCONKIE 
1800 Eagle Gate Tower 
60 East South Temple 
Salt Lake City, Utah 84111 

Wherefore, I pray that Letters Patent be granted to me for the invention or discovery 
described and claimed in the foregoing specification and claims, declaration, power of 
attorney, and this petition. 

Signed at S^ltuWO^. CA-^b , this T^^day of July, 1997. 
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